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(54) Organic light-emitting color display 

(57) A full-color active matrix organic light-emitting 
color display panel is disclosed which has an integrated 
shadow mask structure for patterning arrays of color 
subpixels. The in-situ shadow mask structure is prepat- 
terned on the display substrate by conventional photoli- 
thography, and provides a simple, self-alignment feature 
for successive deposition of color organic electrolumi- 



nescent (EL) media on designated color subpixel areas. 
The pillar structure of the shadow mask are particularly 
effective in the fabrication of high-resolution full-color 
organic light-emitting diode displays having either color 
conversion layers or individual red, green, and blue 
emissive layers. 
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Description 

[0001] The present invention relates to color 
organic light-emitting displays having a tri-color light- 
emitting pixel pattern. 

[0002] US-A-5.294,869 and US-A-5,294,870 recog- 
nized the advantages o1 constructing organic electrolu- 
minescent multicolor image display devices by providing 
integrated shadow masks for the generation of laterally 
separated pixels capable of emitting light of different 
hue. Such shadow masks are comprised of walls, pil- 
lars, or ribs which are formed on a support or a sub- 
strate in a predetermined pattern, and having a height 
dimension selected to cast a shadow with respect to an 
obliquely incident vapor stream. These shadow masks 
separate each color subpixel from an adjacent color 
subpixel. 

[0003] US-A-5,550,066 describes a method of fab- 
ricating an active-matrix organic electroluminescent 
panel based on polysilicon thin-film transistor (TFT) 
arrays. With an active-matrix TFT array and integrated 
drivers on the substrate, organic EL displays provide 
many desirable attributes not commonly found in any 
one class of conventional displays. These attributes are 
high resolution, compact display geometry, self lumi- 
nance, high efficiency, and a wide viewing angle. Other 
display technologies, in comparison, have certain defi- 
ciencies. For instance, the most common active-matrix 
liquid crystal displays have limited viewing angles and 
require a back-light for illumination. The plasma dis- 
plays are self emissive, but are not power efficient. The 
inorganic thin-film EL displays are rugged and compact, 
but they require high drive voltage and are not efficient. 
[0004] US-A-5,550,066 describes the fabrication 
processes for an active-matrix array based on polysili- 
con Tufts and its integration with a monochromatic 
organic EL device. The integration process for the mon- 
ochromatic EL device is relatively simple, involving only 
the deposition of the organic EL medium directly on the 
substrate pre-patterned with TFT pixels and necessary 
bus electrodes and drivers. The EL medium refers to the 
organic layers constituting the EL device. For full-color, 
active-matrix organic EL display panel providing red, 
green and blue colors, the EL medium requires pattern- 
ing into separate and adjacent color pixels in relation- 
ship to the active matrix TFT pixels. This patterning 
procedure can be quite complex depending on the res- 
olution requirements and the configuration of the EL 
device. This patent describes an organic color EL dis- 
plays fabricated with an integrated shadow mask on the 
display which provides a way of patterning the organic 
EL medium into red, green and blue color pixels. 
[0005] The present invention provides a full-color 
active-matrix addressable organic electroluminescent 
display panel. 

[0006] Accordingly, it is an object of the present 
invention to provide a high resolution, full-color, organic 
electroluminescent display requiring only one level of 



photolithography in generating a tri-color (RGB) pixel 
pattern. 

[0007] In one aspect of the present invention, this 
object is achieved in an organic electroluminescent 
5 color display, comprising: 

a) a substrate; 

b) a plurality of color pixels formed on the substrate; 

c) each color pixel containing three primary color 
io (red, green, and blue) subpixels; 

d) an active matrix electrical addressing element 
associated with each color subpixel; 

e) an integrated shadow mask for forming the color 
subpixels and includes a plurality of pillar structures 

is erected on the substrate; 

f) the pillar structures having a geometric arrange- 
ment which permits the formation of each color 
subpixel independent of the formation of the other 
two color subpixels and wherein the formation of 

20 each color subpixel is provided by a line-of-sight 
vapor deposition for selective patterning the color 
subpixel; and 

g) a common light-transmissive electrode over the 
plurality of color pixels. 

25 

[0008] In another aspect of the present invention, 
this object is achieved in an organic light-emitting color 
display, comprising: 

30 a) a substrate; 

b) a plurality of color pixels formed on the substrate; 

c) each color pixel containing three primary color 
(red, green, and blue) subpixels; 

d) an active matrix electrical addressing element 
35 associated with each color subpixel; 

e) an integrated shadow mask for forming the color 
subpixels includes a plurality of pillar structures 
erected on the substrate and wherein the pillar 
structures having a geometric arrangement which 

40 permits the formation of each color subpixel inde- 
pendent of the formation of the other two color sub- 
pixels and wherein the formation of each color 
subpixel is provided by a line-of-sight vapor deposi- 
tion for selective patterning the color changing 

45 medium; 

f) each color subpixel having a short wavelength 
organic electroluminescent (EL) emitter and a fluo- 
rescent color conversion layer formed over the EL 
emitter; and 

so g) a common light-transmissive electrode over the 
EL emitter. 

[0009] In a further aspect of the present invention, 
this object is achieved in an organic light-emitting color 
55 display, comprising: 

a) a substrate; 
. b) a plurality of color pixels formed on the substrate; 
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c) each color pixel containing three primary color 
(red, green, and blue) subpixels; 

d) an active matrix electrical addressing element 
associated with each color subpixel; 

e) an integrated shadow mask for forming the color s 
subpixels includes a plurality of pillar structures 
erected on the substrate; 

f) the pillar structures having a geometric arrange- 
ment which permits the formation of each color 
subpixel independent of the formation of the other 
two color subpixels; wherein 

g) each color subpixel having an organic electrolu- 
minescent (EL) emitter with an emissive layer capa- 
ble of producing a primary color; wherein 

h) the formation of each color subpixel is provided 
by a line-of-sight vapor deposition for selective pat- 
terning the emissive layer of the EL emitter; and 

i) a common light-transmissive electrode over the 
EL emitter. 

[001 0] An advantage of this invention is that the fab- 
rication of a full-color active-matrix organic light-emitting 
diode (OLED) display panel is simple and economical. 
The fabrication requires only one additional level of pho- 
tolithography for the construction of an integrated 
shadow mask and for the color subpixel patterning 
scheme. 

[0011] The integrated shadow mask (also referred 
to as an in-situ shadow mask) ensures that the depos- 
ited fluorescent color conversion layer is self aligned 
with respect to a designated color subpixel area. This 
self-alignment feature is highly precise and therefore it 
is particularly useful for the fabrication of high-resolution 
color OLED display panels. Color pixel pitch of less than 
10 micrometers can be readily achieved by the pillar 
structure shadow masks of the invention. 
[0012] Excellent optical coupling between a short 
wavelength OLED emitter and a fluorescent color con- 
version or a fluorescent color changing layer is ensured, 
since the fluorescent layer is formed within a fraction of 
a micrometer over the short wavelength light-emitting 
layer. Thus, efficient color conversion from near ultravi- 
olet or blue to green and from near ultraviolet or blue to 
red can be accomplished. 

[0013] Vapor deposition for producing a color con- 
version fluorescent layer is fully compatible with OLED 
device fabrication. In particular, the exposure of an 
ambient-sensitive OLED device to ambient air through- 
out the entire production cycle is not necessary, thus 
avoiding the possibility of device degradation due to the 
elements of air and/or moisture. The color OLED panel 
fabrication can proceed in a vacuum deposition cham- 
ber without a vacuum break, starting with the deposition 
of the blue emitting OLED array to the deposition of the 
fluorescent color conversion layers. 
[0014] The integrated shadow mask structures can 
also be used to provide full-color display panels having 
red, green, and blue light-emitting pixels (or subpixels) 
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formed directly from layers of organic electrolumines- 
cent (EL) materials. 

[001 5] FIGS. 1 -6 show the fabrication of a full-color 
active-matrix organic EL display panel using integrated 
shadow mask structures to pattern color conversion 
(color changing) layers in accordance with the present 
invention, wherein 

FIG. 1 is a schematic side view of a subpixel 
arrangement over a substrate and including sub- 
pixel electrodes and associated active matrix elec- 
trical addressing transistor elements; 
FIG. 2 shows an electrically insulative passivation 
layer covering the transistor addressing elements 
and providing an exposed portion of each subpixel 
electrode; 

FIG. 3 shows a first embodiment of an integrated 
shadow mask structure erected on the passivation 
layer at designated locations; 
FIG. 4 depicts a blue light-emitting organic electro- 
luminescent (EL) layer formed over each subpixel, 
and a common light-transmissive electrode formed 
over the blue light-emitting layer; 
FIG. 5 shows the deposition of a fluorescent green 
color conversion layer by vapor deposition from an 
oblique angle with respect to the shadow mask and 
the consequent formation of a green color subpixel; 
and 

FIG. 6 shows the deposition of a fluorescent red 
color conversion layer by vapor deposition from an 
oblique angle (in opposite direction) with respect to 
the shadow mask and the consequent formation of 
a red color subpixel. 

FIGS. 7-10 show the fabrication of a full-color active 
matrix organic EL display panel using integrated 
shadow mask structures of a second embodiment 
to pattern color conversion (color changing) layers 
in accordance with the present invention, wherein 
FIG. 7 is a schematic side view of a subpixel 
arrangement over a substrate, subpixel electrodes 
and associated active matrix electrical addressing 
elements, an electrically insulative passivation 
layer, and a second embodiment of an integrated 
shadow mask structure erected on the passivation 
layer at designated locations; 
FIG. 8 depicts a blue light-emitting organic electro- 
luminescent (EL) layer formed over each subpixel, 
and a common light-transmissive electrode formed 
over the blue light-emitting layer; 
FIG. 9 shows the deposition of a fluorescent green 
color conversion layer by vapor deposition from an 
oblique angle with respect to the shadow mask and 
the consequent formation of a green color subpixel; 
and 

FIG. 10 shows the deposition of a fluorescent red 
color conversion layer by vapor deposition from an 
oblique angle (in opposite direction) with respect to 
the shadow mask and the consequent formation of 
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a red color subpixel; 

FIGS. 11-13 show the fabrication of a full-color 
active matrix organic EL display panel using the 
integrated shadow mask structures of the second 
embodiment shown in FIGS. 7-10 to provide sub- 
pixel patterns of three primary color emissive layers 
in accordance with the present invention, wherein 
FIG. 1 1 shows the patterned vapor deposition of a 
green emissive subpixel layer; 
FIG. 12 shows the patterned vapor deposition of a 
red emissive subpixel layer; and 
FIG. 13 depicts the formation of a blue emissive 
subpixel layer, and of a common light-transmissive 
electrode over the light-emissive layers; 
FIGS. 14 and 15 are schematic plan views of two 
different pixels configurations in accordance with 
the present invention, wherein 
FIG. 14 shows a color pixel comprising individual 
primary color (RGB) subpixel areas defined by the 
integrated shadow mask of the first embodiment, 
with each individual color subpixel associated with 
a transistor addressing element; and 
FIG. 15 depicts a color pixel comprising multiple 
repeating primary color (RGB) elements defined by 
the integrated shadow mask of the first embodi- 
ment, with color elements of the same color being 
electrically connected in parallel to a transistor 
addressing element. 

[0016] Since device feature dimensions such as 
layer thicknesses are frequently in sub-micrometer 
ranges, the drawings are scaled for ease of visualization 
rather than dimensional accuracy, and in order to pre- 
serve clarity of presentation, vapor deposited layers 
formed over uppermost surfaces of the shadow masks 
have been omitted. 

[0017] The acronym EL is, in some instances, 
employed for the term "electroluminescent". The acro- 
nym OLED is, in some instances, employed for the term 
"organic light-emitting diode". The term "pixel" is 
employed in its art recognized usage to designate an 
area of an image display array that can be stimulated to 
emit light independently of other areas. The term "sub- 
pixel" is used to designate an area of a pixel which can 
be addressed to emit light of a particular hue in a multi- 
color display. The term "multicolor" is employed to 
describe image displays having a plurality of color pixels 
in which each color pixel comprises at least two color 
subpixels, each of which emits light of a different hue. 
The term "full-color" is employed to describe multicolor 
image displays having a plurality of color pixels, each 
comprised of three primary color subpixels, each capa- 
ble of emitting light in one of the red, green, and blue 
regions of the visible spectrum. The term "hue" refers to 
the intensity profile of light emission within the visible 
spectrum, with different hues exhibiting visually discern- 
ible differences in color. The term "light-transmissive" is 
used to describe an electrode which transmits there- 



through at least fifty percent of light throughout a spec- 
tral region having a 100 nm width. The term "reflective" 
is used to describe an electrode which reflects there- 
from at least fifty percent of light throughout a spectral 

5 region of a 1 00 nm width. 

[0018] FIGS. 1-6 indicate schematically the fabrica- 
tion of a full-color organic light-emitting display panel in 
accordance with the present invention. It will be appre- 
ciated that such a display panel comprises a plurality of 

10 organic light-emitting pixels arranged in a two<limen- 
sional array. 

[0019] Referring to FIG. 1, first, second, and third 
laterally spaced subpixel electrodes 32, 34, and 36, 
respectively, are formed over a substrate 12 for each of 

is the light-emitting pixels. Corresponding electrical 
addressing elements 22, 24, and 26, respectively, are 
provided over the substrate so that each of the subpixel 
electrodes can be electrically addressed with an electri- 
cal signal. The substrate 12 can be constructed of a 

20 variety of materials which provide physical integrity and 
electrical characteristics commensurate with the fabri- 
cation and operation of a display panel. Particularly pre- 
ferred materials for the substrate 12 are crystalline 
silicon, glass, quartz, and ceramic materials. When the 

25 substrate 12 is constructed of crystalline silicon, the 
electrical addressing elements 22, 24, and 26 include, 
preferably, transistors fabricated by a CMOS process in 
accordance with processing steps well known in the 
semiconductor industry. When the substrate 12 is 

30 selected to be of glass, quartz, or ceramics, the electri- 
cal addressing elements are preferably thin film transis- 
tors (TFTs) fabricated in a manner similar to TFTs used 
in thin film active-matrix liquid crystal display panels. 
The TFTs can be made of amorphous or of polycrystal- 

35 line silicon. The subpixel electrodes 32, 34, and 36 of 
each of pixel are constructed preferably of a reflective 
electrode material such as, for example, aluminum or an 
aluminum-silicon alloy. 

[0020] Turning now to FIG. 2, an electrically insula- 

40 tive passivation layer 42, 44, and 46 is formed over each 
corresponding electrical addressing element and 
extending over portions of associated subpixel elec- 
trodes 32, 34, and 36, respectively, thereby providing 
exposed portions 33, 35, and 37 of each of these later- 

45 ally spaced electrodes. 

[0021] Turning to FIG. 3, a first embodiment of an 
integrated shadow mask structure is now constructed 
by forming first, second, and third spaced deposition- 
controlling rib or pillar structures for each pixel. The ribs 

so or pillars are arranged for each light-emitting pixel so 
that the first and second subpixel electrodes 32 and 34 
are positioned between a first and a second vapor dep- 
osition-controlling pillar shadow mask structure 52 and 
54, and the third subpixel electrode 36 is positioned 

55 between the second pillar 54 and a third pillar structure 
shadow mask 56. The pillar structures have a height 
dimension H, which is preferably in a range of 0.5 to 5 
times the lateral dimensions of the color subpixel pitch, 
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that is the repeat distance between color subpixels. 
[0022] Following the teachings of US-A-5,294,869 
. and US-A-5,294,870, the pillars 52, 54, and 56 can be 
formed from a negative-working photoresist composi- 
tion which is spin-coated and patterned by a photolitho- 
graphic processing step. The simplicity and advantage 
of the arrangement of the pillar structure shadow masks 
for the vapor deposition of patterned color conversion 
fluorescent layers will become more readily apparent 
through the description of the vapor deposition 
sequences detailed in FIGS. 5 and 6. 
[0023] Referring to FIG. 4, an organic electrolumi- 
nescent layer 60 is formed at least over the exposed 
portion of each subpixel electrode and over the tnsula- 
tive passivation layers. A common light-transmissive 
electrode 72 is formed over the organic EL layer 60. 
[0024] The layer 60 includes an organic light-emit- 
ting material capable of emitting light in a blue ("B") 
spectral region in response to an electrical addressing 
signal provided between one of the electrodes 32, 34, or 
36 and the light-transmissive common electrode 72. 
[0025] The blue light-emitting organic EL layer 60 is 
comprised of a plurality of superimposed layers which 
can include a hole-injecting layer, a hole-transporting 
layer, a blue light-emitting layer, and an electron -trans- 
porting and injecting layer, as detailed in US-A- 
5.294.870. the disclosure of which is hereby incorpo- 
rated by reference. To preserve visual clarity of the 
drawings, these superimposed organic layers are 
depicted here as single layers. It is noted that superim- 
posed layers or multi-layers provide an internal junction 
between an electron-injecting and transporting zone 
and a hole-injecting and transporting zone so that hole- 
electron recombination at the junction provides light- 
emission therefrom and of a hue which is determined by 
the light-emitting materials present at the junction or 
within molecular distances therefrom. 
[0026] Particularly preferred blue light-emitting 
organic EL materials are those which emit in a spectral 
region below 480 nm and which are capable of exciting 
each of the fluorescent color conversion layers. 
[0027] The layer 60 (or sublayers thereof) can be 
formed by conventional vapor phase deposition. The 
light-transmissive common electrode 72 can be depos- 
ited by vapor phase deposition, by sputter deposition, or 
by electron beam deposition. Preferred light-transmis- 
sive electrode materials include indium oxide, zinc 
oxide, tin oxide, indium-tin oxide (ITO) or combinations 
of oxides of indium, tin, and zinc, and chromium cermat 
light-transmissive materials. Such common electrodes 
have a thickness in a preferred range of 0.01 to 0.5 
micrometer, and a transparency greater than fifty per- 
cent. 

[0028] Referring to FIG. 5. a green color conversion 
vapor deposition stream 81 is shown directed toward 
the surfaces of the common electrode 72 under an 
oblique angle 0 with respect to the shadow mask pillars 
52, 54, and 56 such that a green ("G") color conversion 



layer 82 is formed over a portion of the common elec- 
trode 72 and overlying the first subpixel electrode 32, 
and delineated by the shadowing effect of the shadow 
mask pillar 54. The green color conversion layer 

5 extends upwardly along the pillar 52 and the pillar 54 
outside of the exposed portions of the pixel electrodes. 
As indicated previously, layers formed over the top por- 
tions of the pillars are not shown in the drawings to pre- 
serve clarity of presentation. 

io [0029] Referring to FIG. 6, a red color conversion 
vapor deposition stream 91 is now shown incident under 
an angle -® (that is in an opposing direction relative to 
the vapor stream 81). A red color conversion layer 94 
("R") is thereby formed selectively over the common 

15 electrode 72 and overlying the exposed portion of the 
second subpixel electrode 34, and delineated primarily 
by the shadowing effect of the pillar shadow mask 52. It 
will be appreciated that a thickness dimension of the 
color conversion layers 82 and 94 is in a range of 0.02- 

20 0.2 micrometer, while the pillar structure shadow masks 
52, 54, and 56 have a width dimension (not shown) in a 
range of 2-10 micrometer. Accordingly, the color conver- 
sion layers extending upwardly along the pillars have a 
negligible effect on the shadow-casting performance of 

25 the masks. 

[0030] Each of the third light-emitting subpixels, 
identified by the subpixel subelectrodes 36, is not cov- 
ered by either of the two different color conversion lay- 
ers 82 and 94, thus remaining capable of emitting blue 

30 light ("B"). The color pixel P is comprised of laterally 
spaced color subpixels pg, pr, and pb. 
[0031] The color conversion layers 82 and 94 are 
formed of a single or of a composite fluorescent material 
capable of efficiently absorbing blue light emitted from 

35 the organic electroluminescent layer 60 and efficiently 
converting the absorbed blue light to provide green and 
red emissions, respectively. Since a thickness dimen- 
sion (not shown) of the light-transmissive common elec- 
trode 72 is typically smaller than 0.2 micrometer, optical 

40 coupling with minimal divergent loss between the blue 
light-emitting layer 60 and the color conversion layers 
82 and 94 is ensured. 

[0032] Thus, the particular geometric arrangement 
of this embodiment of the pillar structure shadow masks 

45 52, 54, and 56 with respect to the subpixel electrodes 
32, 34, and 36 represents a simple and accurate self- 
alignment feature for forming a full-color organic light- 
emitting display which has a plurality of light-emitting 
pixels. As shown here, adjacent green and red subpix- 

so els are defined by and between first pillar structures 52 
and second pillar structures 54. Blue subpixels are dis- 
posed between second pillar structures 54 and third pil- 
lar structures 56. 

[0033] Referring to the sequence of FIGS. 7-10, 
55 there is shown schematically the fabrication of a full- 
color active matrix organic EL display panel using inte- 
grated shadow mask pillar structures of a second 
embodiment to pattern color conversion (color chang- 
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ing) layers. With few exceptions, numeral designations 
of like parts are identical to the parts or elements 
described in FIGS. 1-6, and will therefore not be further 
detailed. 

[0034] This embodiment uses only two shadow 
mask pillar structures 52 and 56 to define three adja- 
cent color subpixels therebetween. 
[0035] FIG. 7 shows the subpixel electrodes 32, 34, 
and 36, and associated active matrix electrical address- 
ing elements 22, 24, and 26 as provided in FIG. 2. 
[0036] FIG. 8 depicts a blue ( M B H ) light-emitting 
organic EL layer 60 formed over each subpixel between 
two pillar structures 52, 56, and a common light-trans- 
missive electrode 72 disposed over the EL layer 60. 
[0037] In FIG. 9 is shown the deposition of a green 
("G") color changing layer 82 which is selectively pat- 
terned in alignment with the designated subpixel elec- 
trode 32 by the vapor stream 81 which is incident on the 
electrode layer 72 under an oblique angle a with respect 
to the pillar structures, whereby the pillar structure 56 
provides the shadowing or masking effect. 
[0038] FIG. 10 shows the deposition of a red ("FT) 
color changing layer 94 which is selectively patterned in 
alignment with the designated subpixel electrode 36 by 
the vapor stream 91 which is incident on the electrode 
layer 72 under an oblique angle -a. whereby the pillar 
structure 52 now provides the shadowing or masking 
effect. The centrally disposed blue ("B") light-emitting 
subpixel has been shadowed or masked from receiving 
a color changing layer by the mask structures 56 and 52 
which selectively intercept the vapor streams 81, 91 at 
the designated angles a and -a. 
[0039] Thus, in this embodiment of integrated 
shadow mask pillar structures, color pixels are com- 
prised of three adjacent color subpixels defined and pat- 
terned by and between two pillar structures. 
[0040] Both embodiments (see FIGS. 1-6 and 
FIGS 7-10, respectively) of the integrated shadow 
mask pillar structures of the invention provide a further 
significant advantage in the fabrication of full-color 
active matrix organic EL display panels in that primary 
color subpixels can be fabricated either by selective pat- 
terning of color changing layers (color conversion lay- 
ers) as described above, or alternatively by selective 
patterning of organic EL layers which are capable of 
directly emitting red, green, or blue light from corre- 
sponding color subpixels. The fabrication of a full-color 
direct light-emitting organic EL display panel is shown 
schematically in FIGS. 11-13 with the shadow mask pil- 
lar configuration of the second embodiment. 
[0041] Turning to FIG. 1 1 , a vapor stream 83 of an 
organic EL medium is directed at the subpixel electrode 
32 under an angle a to form an emissive organic EL 
layer 85 thereon which is capable of directly emitting 
green ("G") light. 

[0042] In FIG. 12, a vapor stream 93 of an organic 
EL medium is directed at the subpixel electrode 36 
under an angle -a to form an emissive organic EL layer 



95 thereon which is capable of directly emitting red ("R") 
light. 

[0043] FIG. 13 shows an emissive organic EL layer 
65 formed over the central subpixel electrode 34 and 
5 over the green and red subpixel layers 85 and 95. A 
light-transmissive common electrode 72 is disposed 
over the organic EL layers. 

[0044] The organic EL layer 65 is capable of directly 
emitting blue ("B") light, but only in the location over the 

io subpixel electrode 34, because only in this location is 
the layer 65 forming a light-emitting junction in the pre- 
viously described arrangement of superimposed 
organic layers (not shown in the drawings). The green 
and red emissive layers 65, 95 are comprised of a light- 

is emitting host material and respectively at least one 
green-emitting fluorescent dopant for the green color 
subpixels, and at least one red-emitting fluorescent 
dopant for the red color subpixels, wherein the fluores- 
cent dopants are uniformly dispersed throughout the 

20 host material. 

[0045] The emissive layer 65, capable of producing 
a blue primary color from the subpixel electrode 34, 
includes a blue light-emitting organic host material. Blue 
light-emitting organic host materials can be selected 

25 from among those disclosed in US-A-5, 130,603, US-A- 
5,645,948, and US-A-5, 141 ,67. the disclosures of which 
are herein included as references. 
[0046] Referring to FIG. 14, it is a plan view of a tri- 
colored pixel P1 having one green, red, and blue emit- 

30 ting subpixel pg, pr, and pb arranged laterally between 
shadow mask pillar structures 52, 54, and 56 of the first 
embodiment in correspondence with the schematic side 
view of FIG. 6. Transistor elements T(g), T(r), and T(b) 
are shown schematically to correspond to electrical 

35 addressing elements 22, 24, and 26 (see FIG. 1) to pro- 
vide tri-color light emission. 

[0047] Turning to FIG. 15, a pixel P3 is shown in 
schematic plan view as having a set of green, red, and 
blue light-emitting subpixels formed in a repeating pat- 

40 tern of repeat color elements between repeating 
shadow masks pillar structure designated here as 52a, 
54a, and 56a. Each color subpixel comprises three spa- 
tially separated color elements having repeating 
shadow mask pillar structures designated as 52a, 54a, 

45 and 56a. The color elements of each color subpixel are 
electrically connected in parallel to an addressing tran- 
sistor. Transistor elements T(g), T(r), and T(b) are indi- 
cated schematically to address the green, red, and blue 
color subpixels, respectively. For example, when the 

so addressing element T(g) is actuated, all color elements 
of the green subpixel of the pixel P3 will be stimulated to 
emit green light. This construction of full-color pixels P3 
is particularly advantageous when pillar structures of a 
reduced height dimension are desired. 

55 [0048] It will be appreciated that a full-color organic 
light-emitting display having a plurality of light-emitting 
color pixels arranged in a two-dimensional array will 
produce an image display comprised of subpixels of tri- 
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color light emission wherein the color subpixels have 
dimensions sufficiently small (for example, a subpixel 
dimension in a range of 5-10 micrometer) to provide a 
high resolution display panel having a color pixel resolu- 
tion greater than about 2000 dots per inch. Such high 
resolution full-color displays can be fabricated in 
accordance with the present invention through appropri- 
ate scaling of the addressing elements, the pixel elec- 
trodes, and the integrated self-aligning pillar structure 
shadow masks. 

[0049] In the drawings, each of the color subpixels 
of a color pixel has been shown with approximately 
equal lateral dimensions. It will be appreciated that a 
color pixel pitch (the lateral spacing between color pix- 
els) can be maintained when it is desired to construct 
color subpixels having unequal lateral dimensions. For 
example, all green color subpixels can have an 
extended lateral dimension to achieve enhanced emis- 
sion of green light. To retain a desired pitch of color pix- 
els, the lateral dimensions of the red and/or blue 
subpixels will be reduced commensurately. 
[0050] Other features of the invention are included 
below. 

[0051] The display panel wherein the active matrix 
electrical addressing element includes at least one tran- 
sistor and a subpixel electrode electrically connected 
thereto. 

[0052] The display panel wherein the substrate is 
formed of silicon and the at least one transistor is a 
CMOS transistor. 

[0053] The display panel wherein the substrate is 
formed of a material selected from the group consisting 
of glass, quartz, and ceramics, and the at least one tran- 
sistor is a thin film transistor. 

[0054] The display panel wherein the subpixel elec- 
trode is formed of a reflective material. 
[0055] The display panel wherein the geometric 
arrangement of the pillar structures is selected such that 
at least two laterally spaced pillar structures are suffi- 
cient to define three color subpixels of a color pixel. 
[0056] The display panel wherein the formation of 
at least two color subpixels is provided by a line-of -sight 
vapor deposition under oblique angles with respect to 
the at least two laterally spaced pillar structures to 
define therebetween the three color subpixels of a color 
pixel. 

[0057] The display panel wherein the geometric 
arrangement of the pillar structures is selected such that 
three laterally spaced pillar structures define three color 
subpixels of a color pixel. 

[0058] The display panel wherein two adjacent 
color subpixels are provided between a first and a sec- 
ond pillar structure, and a third color subpixel is pro- 
vided between the second pillar structure and a third 
pillar structure. 

[0059] The display panel wherein the short wave- 
length organic EL emitter is selected to emit light in a 
blue region of the visible spectrum and comprising a 



blue subpixel, one fluorescent color conversion medium 
selectively patterned to provide a red subpixel, and 
another fluorescent color conversion medium selec- 
tively patterned to provide a green subpixel. 
5 [0060] A full-color active matrix organic electrolumi- 
nescent (EL) display panel, comprising: 

a) a substrate; 

b) a plurality of color pixels formed on the substrate; 
to c) each color pixel containing three primary color 

(red, green, and blue) subpixels; 

d) an active matrix electrical addressing element 
associated with each color subpixel; 

e) an integrated shadow mask for forming the color 
15 subpixels includes a plurality of pillar structures 

erected on the substrate; 

f) the pillar structures having a geometric arrange- 
ment which permits the formation of each color 
subpixel independent of the formation of the other 

20 two color subpixels and wherein the formation of 
each color subpixel is provided by a line-of-sight 
vapor deposition for selective patterning the color 
subpixel; and 

g) a common light-transmissive electrode over the 
25 plurality of color pixels. 

[0061] The display panel wherein the active matrix 
electrical addressing element includes at least one tran- 
sistor and a subpixel electrode electrically connected * 
30 thereto. 

[0062] The display panel wherein the substrate is 
formed of silicon and the at least one transistor is a 
CMOS transistor. 

[0063] The display panel wherein the substrate is 
35 formed of a material selected from the group consisting * 
of glass, quartz, and ceramics, and the at least one tran- 
sistor is a thin film transistor. 

[0064] The display panel wherein the subpixel elec- 
trode is formed of a reflective material. 

40 [0065] The display panel wherein the geometric 
arrangement of the pillar structures is selected such that 
at least two laterally spaced pillar structures are suffi- 
cient to define three color subpixels of a color pixel. 
[0066] The display panel wherein the formation of 

45 at least two color subpixel is provided by a line-of sight 
vapor deposition under oblique angles with respect to 
the at least two laterally spaced pillar structures to 
define therebetween the three color subpixels of a color 
pixel. 

so [0067] The display panel wherein the geometric 
arrangement of the pillar structures is selected such that 
three laterally spaced pillar structures define three color 
subpixels of a color pixel. 

[0068] The display panel wherein two adjacent 
55 color subpixels are provided between a first and a sec- 
ond pillar structure, and a third color subpixel is pro- 
vided between the second pillar structure and a third 
pillar structure. 
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[0069] The display panel wherein the emissive layer 
capable of producing a red primary color includes a 
light-emitting organic host material and a fluorescent 
red light-emitting dopant dispersed therein. 
[0070] The display panel wherein the emissive layer 
capable of producing a green primary color includes a 
light-emitting organic host material and a fluorescent 
green light-emitting dopant dispersed therein. 
[0071 ] The display panel wherein the emissive layer 
capable of producing a blue primary color includes a 
blue light-emitting organic host material. 

PARTS LIST 

[0072] 



12 substrate 

22, 24, 26 electrical addressing elements 

32, 34, 36 subpixel electrodes 

33, 35, 37 exposed portions of subpixel elec- 

trodes 

42, 44, 46 insulative passivation 

52, 54, 56 pillar structure shadow masks of a set 

of subpixels forming a pixel 
52a. 54a, 56a pillar structure shadow masks of sets 

of subpixels forming a pixel 
60 blue light-emitting organic EL layer 

("B") 

65 blue subpixel organic EL layer 

72 light-transmissive common electrode 

81 green color conversion vapor deposi- 
tion stream 

82 green color conversion layer ("G") 

83 green EL vapor stream 

85 green subpixel organic EL layer 

91 red color conversion vapor deposition 

stream 

93 red EL vapor stream 

94 red color conversion layer ("R") 

95 red subpixel organic EL layer 
G green 

R red 
B blue 

H height dimension of pillar structures 

P color pixel 

P1 pixel having one G, R, and B subpixel 

P3 pixel having three G, R, and B color 

elements 
pb blue color subpixel 

pg green color subpixel 

pr red color subpixel 

T(g) transistor addressing element for 

green subpixel(s) 
T(r) transistor addressing element for red 

subpixel(s) 

T(b) transistor addressing element for blue 

subpixel(s) 

©, -0 angles of green, red vapor deposition 



streams (three pillar structure embod- 
iment) 

a, -a angles of green, red vapor deposition 

streams (two pillar structure embodi- 
5 ment) 

Claims 

1 . A full-color active matrix organic electroluminescent 
10 (EL) display panel, comprising: 

a) a substrate; 

b) a plurality of color pixels formed on the sub- 
strate; 

is c) each color pixel containing three primary 

color (red, green, and blue) subpixels; 

d) an active matrix electrical addressing ele- 
ment associated with each color subpixel; 

e) an integrated shadow mask for forming the 
20 color subpixels includes a plurality of pillar 

structures erected on the substrate; 

f) the pillar structures having a geometric 
arrangement which permits the formation of 
each color subpixel independent of the forma- 
ts tion of the other two color subpixels and 

wherein the formation of each color subpixel is 
provided by a line-of sight vapor deposition for 
selective patterning the color subpixel; and 

g) a common light-transmissive electrode over 
30 the plurality of color pixels. 

2. The display panel of claim 1 wherein the active 
matrix electrical addressing element includes at 
least one transistor and a subpixel electrode electri- 

35 cally connected thereto. 

3. The display panel of claim 2 wherein the substrate 
is formed of silicon and the at least one transistor is 
a CMOS transistor. 

40 

4. The display panel of claim 2 wherein the substrate 
is formed of a material selected from the group con- 
sisting of glass, quartz, and ceramics, and the at 
least one transistor is a thin film transistor. 

45 

5. The display panel of claim 2 wherein the subpixel 
electrode is formed of a reflective material. 

6. The display panel of claim 1 wherein the geometric 
so arrangement of the pillar structures is selected such 

that at least two laterally spaced pillar structures 
are sufficient to define three color subpixels of a 
color pixel. 

55 7. The display panel of claim 6 wherein the formation 
of at least two color subpixels is provided by a line- 
of -sight vapor deposition under oblique angles with 
respect to the at least two laterally spaced pillar 
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structures to define therebetween the three color 
subpixels of a color pixel. 

8. The display panel of claim 1 wherein the geometric 
arrangement of the pillar structures is selected such 5 
that three laterally spaced pillar structures define 
three color subpixels of a color pixel 

9. The display panel of claim 8 wherein two adjacent 
color subpixels are provided between a first and a 10 
second pillar structure, and a third color subpixel is 
provided between the second pillar structure and a 
third pillar structure. 

1 0. A full-color active matrix organic electroluminescent is 
(EL) display panel, comprising: 

a) a substrate; 

b) a plurality of color pixels formed on the sub- 
strate; 

c) each color pixel containing three primary 
color (red, green, and blue) subpixels; 

d) an active matrix electrical addressing ele- 
ment associated with each color subpixel; 

e) an integrated shadow mask for forming the 
color subpixels includes a plurality of pillar 
structures erected on the substrate; 

f) the pillar structures having a geometric 
arrangement which permits the formation of 
each color subpixel independent of the forma- 
tion of the other two color subpixels and 
wherein the formation of each color subpixel is 
provided by a line-of-sight vapor deposition for 
selective patterning the color subpixel; and 

g) a common light-transmissive electrode over 
the EL emitter. 
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